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R#s*srch  c©n<luctoo  during  the  period  of  this  ee-tr*ct  was  concerned- 
prisserily  with  .icier" dm  ■  whether  the  susceptibility  of  fr..*aaall»n  ceils 
to  virus  infection  *s  •uterej  by  freezing  and  storage  unaer  liquid  nitro¬ 


gen,  Although  eo*»  investigations  were  »?de  with  wceiled  elture-d  cell 
strains  such  as  HeLa  and  KB,  priory  Krteaus  wenksy  kidney  cell?  w*>r«  used 
# o  the  biologies!  svstea  for  nost  of  this  research.  Thete  pyi»ary  cells 
ware  chosen  because  of  their  wide  rang*  of  virus  susceptibility,  their 
relative  eese  „f  growth  in  vitro  sod  the  consistency  ©f  reproducibility 
of  experfwitsl  .results.  Th©  i*s>st  ci$nlficent  finding*  resulting  fren 
this  research  w#r s  #s  fol^swsi 

1.  Primer y  Hhetvn.  r  nkey  kidney  cell*  Bay  be  preserve!  by  liquid  nitrogen 

refrigeration  with  »n  sdeguate  per  cent  survive 1  of  visble  and  biologically 
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astir*  colls,  provided  th*  initial  himft  of  primary  calls  free  freshly 
»«lHd  kidneys  «m  cultured  In  vitro  bo  ton  freezing. 

2.  Th*  lmplnger  vessel,  developed  under  a  previous  contract  (AF-4l(609)-2467) 
was  used  successfully  In  preserving  cells  by  liquid  nitrogen  refrigera¬ 
tion  and  in  other  experimental  procedures.  Although  the  rates  of 
survival  in  liquid  nitrogen  refrigeration  ef  both  the  altered  cell 
strains  and  primary  monkey  kidney  cells  wars  satisfactory  when  the 

calls  i«rt  frozen  in  lepinger  vessels,  th*  results  were  not  as  good  as 
when  both  types  of  cells  wore  frozen  in  ordinary  1.2-ml  aapules. 

3.  Following  freezing,  liquid  nitrogen  storage,  and  thawing,  prlaery 
aonkey  kidney  cells  regularly  absorbed  type  1  poliovirus  when  apprexi- 
cutely  106  callc  were  Inoculated  with  50-100  plaque- forming  unit?  (PFU) 
end  Incub* t#J  for  as  little  at  thirty  minutes.  Th*  number*  of  cells 
that  absorbed  virus  increased  with  an  Increase  in  tha  length  of  the 
period  of  incubation  arid  with  an  increase  In  th*  multiplicity  of  rFU 

In  tea  inoculum. 

4.  ..hen  the  multiplicity  of  PFU  in  the  lnoculun  was  at  a  very  lew  level 
(50-100)  no  *vide<v:e  of  the  release  of  new  virus  was  observed  below  th* 
incubation  period  of  seven  hours t  however,  during  incubation  periods  of 
aavan  to  twelve  hours  large  nuabers  of  cells  were  infected  and  the  re¬ 
lease  of  new  virus  into  th*  culture  fluid  was  observed  repeatedly. 

5.  Preliminary  electron  microscopic  observations  of  primary  monkey  kidney 
cells  which  had  been  Infected  with  type  I  poliovirus  revealed  evidence 
of  virus  replication  through  cytological  changes  and  th*  appearance  of 
specific  virus-1 Lk*  particle*.  These  electron  microscopic  observation* 
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were  similar  to  these  reported  by  earlier  investigators  who  have  studied 
the  infection  of  pr leery  monkey  kidney  cells  with  poliovirus  by  means 
of  electron  microscopy.  Improved  techniques  have  made  It  possible  to 
observe  structures  In  greeter  detail.  As  a  consequence,  we  have  been 
able  to  observe  structures  which  we  interpret  as  nature  virus  particles. 
~uch  particles  ware  not  observed  in  earlier  studies  with  poliovirus 
infected  primary  monkey  kidney  cells. 

6.  • riaary  monkey  kidney  cells  preserved  in  ioplnger  vessels  under  liquid 
nitrogen  refrigeration  were  Infected  when  exposed  to  en  aerosol  con¬ 
taminated  with  type  I  poliovirus  (LSc).  /-hen  astsyed  by  the  plaque 
technique,  the  titer  of  virus  replicated  by  the  cells  were  comparable 
to  that  of  the  original  Inoculum  employed  in  the  aerosol.  The  plaque 
morphology  was  characteristic  of  the  L->e  strain  of  poliovirus. 

7.  The  experimental  program  conducted  through  the  present  contract  has 
demonstrated  that  primary  Rhesus  monkey  kidney  cells  preserved  by  liquid 
nitrogen  refrigeration  constitute  a  readily  available  biological  system 
for  the  isolation  of  viral  agents  in  aerosols. 
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TEXT  OF  REFORT 

j 

I.  Introduction 

Inasmuch  at  thia  la  a  Final  Report  it  ia  intended  to  present,  with¬ 
out  unnecessary  detail,  the  experimental  results  obtained  which  have  con¬ 
tributed  significant  and  useful  information  toward  the  objectives  of  the 
research  program.  In  addition,  the  experimental  data  obtained  since  the 
last  Progress  Report  (Report  No.  6,  dated  April  21,  1967)  was  submitted, 
are  included  in  this  report. 

The  over-all  objective  of  thia  research  program  has  been  to  de¬ 
termine  the  influence  of  liquid  nitrogen  refrigeration,  including  freeiing, 
storage,  and  thawing,  on  the  susceptibility  of  mammalian  cells  to  virus 
Infection.  There  has  been  an  awareness,  also,  that  the  primary  objective 
of  the  present  program  is  directly  related  to  the  previous  research  con¬ 
tract  (AF-4l( 609) -2467)  which  Involved  ths  development  and  testing  of  a 
"Viral  Implnger  Vessel  for  the  Storage  of  Mama  11  an  Cells  and  Sampling  of 
Viral  Agents  in  Aerosols."  Consequently,  the  experiments  on  virus  ad* 
sorption  and  replication  by  the  cells  have  been  conducted  with  the  lowest 
possible  multiplicity  of  virus. 

II.  liquid  Nitrogen  Rffrlgef^gn  of  Hnsyili".  gj in 
iJKlaaiE  ViiMis 

A.  Experiments  wUh  Stable  Cell  Llnes-HeLa  and  KBv— Although  this 
laboratory  has  had  success  with  a  program  of  long-term  liquid  nltrogwn 
refrigeration  of  sixteen  mammalian  ceil  lines  In  1.2-ml  ampules  (more 
than  five  years),  it  was  considered  that  the  implnger  vessel,  because  of  its 
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greater  velum®  (approximately  30  ml)  might  present  physical  con¬ 
ditions  which  could  influence  adversely  th#  rot#  of  survival  of  tho 
cello  during  the  process  of  freezing  and  storage.  Determinations 
were  am  da,  therefore,  of  viable  colls  of  strain  HoLa  and  strain  KB 
which  survived  liquid  nitrogen  refrigeration  when  cells  were  frozen 
in  lmpinger  vessels  and  ordinary  1.2-ed  stipules.  Identical  ali¬ 
quot*  of  oells  from  single  harvests  of  iq  vitro  cultures  wore  frozen 
in  impirvger  vessels  and  in  ampules.  After  a  period  of  liquid 
nitrogen  storage,  the  cells  were  thawed  and  viability  cell  counts 
were  made  using  trypan  blue  as  a  differential  vital  st»ln.  Tho 
averages  of  values  obtained,  expressed  as  per  cent  of  viable  cells 
(number  of  live  cells  divided  by  the  total  number  of  cells  frozen) 

* ore  as  follows, 

£32il!i  ieelaga.  Us* sals 

•>9Ui  KB  Hole  K3 

90.30K  «.84tf  75.03!r  70.0Q* 

The  above  lata,  represent  th#  average  per  cent  of  viable  cells 
from  count,  made  from  ten  aeipules  and  three  impinger  vessels  for 
each  of  the  two  coll  linos. 


I#.— It  has  been 


reported  that  freshly  trypslnited  and  verseneted  primary  cultures  of 
senkey  kidney  cells  have  been  preserved  successfully  st  -75*C  (dry 
Ice),  (1,2).  It  wee  reported,  also,  (2)  that  freshly  trypsinlrod 


(1)  st ul berg,  C.  S.,  Rlghtael,  •«•  A.,  Pape,  R.  H.,  end  Barmen,  L. 
Virologie  use  of  monkey  kidney  cells  preserved  by  freezing,  Proc.  see. 
Exp.  Biol.  iku.  IQi i41y-415  (1959). 

(2)  Seen,  Usre  0.  Use  of  coll  banked  monkey  kidney  colls  for  tho 
isolation  of  respiratory  viruses.  Sect.  Pvoc.  1964,  p.  131. 
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kidney  cells  did  not  survive  freezing  and  thawing  nearly  ee  well  as 
ths  versenated  primary  cultures.  These  observations  have  been  con¬ 
firmed  and  extended  in  our  laboratory  with  liquid  nitrogen  refrigeration . 

It  is  well  known  that  the  stable  cell  lines  such  as  HeLs  and  KB 
withstand  trypsinization  with  high  per  cent  recovery  of  vieble 
cells.  However,  when  fresh  monkey  kidney  tissue  fragments  are 
trypainlzed  raany  cells  are  killed,  perhaps  as  ouch  as  50  per  cent. 

A  comparison  was  made,  therefore,  of  the  rate  of  survival  in  the 
freezing  thawing  of  freshly  harvested  kidney  cells  and  those 
that  h:;d  undergone  one,  two,  and  three  subcultures  before  freezing. 

In  these  experiments  oil  of  the  cells  were  frozen  in  1.2-al  ezpulos. 

The  data  obtained,  Table  1,  tdiow  that  the  r*te  of  survival  after 
freezing  and  thawing  was  distinctly  higher  when  the  cells  were 
culturod  than  were  those  freshly  harvested.  The  results  of  the 
first  end  second  subcultures  were  essentially  the  same  (8<*  and 
9&t  respectively) i  xhero  was,  however,  on  appreciable  drop  in  the 
survival  of  call.,  harvested  from  the  third  subculture  (7fifc>). 
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Tab’s  1.  Comparative  Counts  of  Venfcey  Kidney  Cells  Before  end  After 
Liquid  Nitrogen  Freezing  (Trypan  Blue  Stein) 


Type  of  Cell 

S.u*pentlcn 

Cell  Count 

*  105 

%  Recovery 

Average 

Frozen 

The wed 

Froahly  Trypsinlsed  Kidney 

4J.4 

19.0 

41.35 

Ideei, 

37.0 

12.9 

34.85 

jde® 

38.4 

12.6 

32.81 

Mm 

42.7 

14.7 

34.42 

35.98 

First  Subculture 

?1.2 

17.8 

83.96 

I  <m> 

27.0 

22.4 

82.96 

I  dew 

27.4 

22.0 

80.29 

idsL 

27.7 

23.6 

85.19 

Idem 

24.* 

22.0 

89.79 

84.44 

Second  subculture 

23.6 

21.6 

91.52 

lde»; 

24.4 

13.0 

73.77 

Id*£ 

26.2 

23.4 

89.31 

Idea 

19.7 

15.4 

78.17 

Mm 

is.e 

12.7 

80.37 

82.63 

Third  Subculture 

38.4 

29.8 

77.60 

Id<« 

33.4 

24.2 

72.45 

Mm 

35.4 

•VL 

40l4 

74.01 

Mm 

36.8 

29.1 

79.07 

75.91 
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C.  3hMV»  Monkr/  Kl-inay  Cell*  TToztr,  In  Icplnggr  VegaeU.-- 

f tor  earlier  experiments  had  d«nonstj*;sted  that  the  rate  of  survival 
of  Donkey  kidney  cells  in  liquid  nitrogen  refrigeration  ras  greatly 
increased  when  primary  cells  r  ore  cultured  _£n  vitro  before  freezing, 
os  cooporeJ  with  freshly  harvested  cells*  this  information  w$ & 
ucoJ  to  eose  advantage  in  the  preservation  of  primary  nonkey  kidney 
coll  i  in  inpip.ger  vessels,  during  the  subsequent  course  0?  the 
research  progress  dhosus  nonkeys  woro  sacrificed  .it  varying  intervals 
,orJ  tho  kiJnoy  cells  which  v^ore  harvested  were  routinely  cultured 
In  vitro,  after  nonolayers  hod  developed,  those  rapidly  proliferating 
colls  wore  harvested  by  trypslnixction  rnd  aliquots  of  approximately 
2  v  106  cells  acre  transferred  to  the  coll  cups  in  r  l-'rq#  number 
irjplngor  vessclc  vihicb  vvere  then  aubjectod  to  the  routine  slow- 
freozing  process,  and  refrigerated  under  li  paid  nitrogen.  In  this 
nennor  aover?l  octehos  of  ceils  wero  storod  in  lapinger  vessels  nt 
different  times  with  the  result  that  nn  adequate  supply  of  frozen 
cells  nor*  available  for  cub sequent  experimentation.  hen  viable 
cell  counts  vrera  made  on  the  cells  after  thawing  from  thirty  of  these 
vessels,  the  average  per  cent  of  survival  was  55.94j  the  highest 
value  was  63.40  per  cent  and  the  lowest  46.79  per  cent.  A  survival 
value  of  50  per  cent  represents  approximately  106  viable  cells. 

It  was  evident  from  these  results  with  primary  eenkey  kidney  cells, 
as  woll  as  those  obtained  earlier  with  HeLa  and  KB,  that  nwucaallan 
cells  do  not  survive  freexing  and  liquid  nitrogen  storage  in  the  la¬ 
cings?  vessel  as  well  as  In  the  much  smaller  ampule.  Although  • 
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level  of  survival  of  50  per  cent  1#  adequate  for  the  purpoaa  of  this 
particular  program,  it  i»  of  interest  to  apaculata  regarding  the 
difference  in  the  result*  obtained  with  the  impinger  vessels  as  con* 
pared  with  the  ampules.  No  calculated  effort  has  been  made  as  yet 
to  resolve  this  variance.  It  is  highly  probable,  however,  that  the 
difference  can  be  attributed  to  the  fact,  that  the  slow- freezing 
apparatus,  being  adjusted  to  accommodate  a  specific  quantity  of 
1.2-al  ampules,  dots  not  lower  the  temperature  at  the  moat  favorable 
rate  when  the  larger  impinger  vessels  are  employed. 

III.  Primary  Monkey  Kidney  Celia  Infected  with  Vlrua  Aerosol  and  Incubated 
without  Kashina 

Monkey  kidney  cell  suspensions  in  lmpirger  vessels  were  exposed 
to  a  virus  aerosol  in  tha  vacuum  glove  box,  described  previoulcy  in  Pro¬ 
gress  Report  No.  3  (April  7,  1966).  After  Infection,  the  vessels  were 
incubated  at  37°C  until  virus  replication  was  complete  as  indicated  by 
microscopic  observation  of  cytopathoiogy.  The  fluids  in  the  vessels  were 
harvested  and  the  virus  titers  were  determined  by  the  plaque  method  on 
duplicate  3-oz  culture  bottles  of  prlsury  monkey  kidney  eells.  As  a 
control,  an  aliquot  of  the  original  inoculum  waa  titrated  by  the  state 

procedure.  The  average  plaque  counts  obtained  during  on  incubation  period 

-4  -5 

of  6  days  from  the  10  and  10  dilutions  of  the  original  inoculum  end 
the  harvested  fluid*  are  presented  in  Table  2. 
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Tebls  2.  Plequa  Counts  af  Vine  Isolated  froa  Aerosol-Infected 
Uoak«y  Kidney  Cell*  In  lapinger  Vessel 


Type  of  Inosulun 

Dilution 

Incubation  Period  (days) 

3 

5 

wmum 

Original  Incculua 

>100 

>100 

Conf 

Original  InoculiM 

10  * 

43 

64 

Conf 

Harvested  Fluid 

l°If 

83 

96 

Conf 

Hawastod  Fluid 

10^ 

3 

24 

27 

Harvested  Fluid 

< 

02 

>100 

Conf 

Hsr/eatad  Fluid 

10  s 

18 

39 

43 

Conf  •  confluent 


Tha  titer  of  the  original  lnoculue  and  the  fluid  harvested  froo  the  lo* 

pingar  vessels  way  be  calculated  aa  follows  i 

Original  lnoculua  107.32/»)  (pfu) 

Karveatad  fluid  107**3/«1  (pfu) 

Harvested  fluid  107*21/*!  (pf*0 

Tha  raorpbology  of  the  placrtos  was  essentially  tha  iww  in  all  of 
the  bottles  end  wbs  characteristic  af  plaque  aorpcelegy  of  tha  Lbc  strain 
in  primary  ©onkey  kidnay  Mila  under  agar  overlays  Also,  aa  waa  exported, 
tha  titer  of  virus  obtained  by  lapinging  the  aerosol  waa  sesewhat  lower 
than  that  obtained  fro*  tha  ai/iginal  iftoculuo.  This  is  accounted  for  by 
the  relatively  easeller  masher  of  ealla  in  the  tapinger  vassal  available 
to  replicate  virus  as  coppered  with  the  colls  that  produced  virus  in  tha 
original  ineculua. 
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£msi®2nl*i  J22i£.  Aim  ifca  un  Report 

It  was  r®port®^  in  Progress  Report  He,  6  (April  21,  1967)  that 
primary  monkey  kidney  calls  that  had  been  preserved  In  tha  Iwplnger 
vessel  under  liquid  nitrogen  refrigeration  for  approximately  nlna  months 
p-g-'S  capcbJe  of  adsorbing  typo  I  poliovirus  (Mahoney)  whan  tha  tail  a  were 
inoculated  with  spproximatsly  ona  hundred  pi aqua* forming  units  (pfu)  and 
incubated  et  37 *C  for  a  maximum  of  thirty  minutes.  than  tha  calls  wara 
wsshod  thoroughly  after  tha  incubation  to  remove  unalsorbod  virus,  approxi¬ 
mately  four  per  cant  to  sight  par  cant  of  tha  lnoculatad  vims  had  baan 
sd sorbed  as  measured  by  pi aqua  assay  of  tha  wished  call  auepenslon.  Mara* 
over,  as  much  as  ninaty  par  cant  of  the  virus  particles  (pfu)  lnoculatad 
care  Identified  as  being  proaant  In  tha  infected  cells  and  tha  washing 
supernatants.  Although  ths  par  cant  of  virus  adsorbed  by  tha  calls  was 
relatively  small,  adequate  evidence  of  virua  partlelaa  having  baan  ad* 
sorbed  by  tha  colls  was  obtained.  Thera  was  indeed  evidence  of  coll* 
virus  interaction. 

subsequent  to  tha  Progress  Report  of  April  21,  additional  experiments 
have  boon  conducted  In  which  considerably  less  than  100  pfu  have  been  used 
in  further  Investigation  of  the  Multiplicity  of  virus  particles  and  the 
initial  period  of  call-virus  contact  required  far  virus  adsorption  and 
cell  infection.  Those  studios  inelude,  also,  determinations  of  the  minimum 
ti®o  required  for  ths  release  af  new  virus  replicated  by  tha  calls  fol¬ 
lowing  brief  exposure  to  low  multiplicities  of  typo  X  poliovirus.  In 
addition,  some  preliminary  investigations  of  tha  replication  of  poliovirus 
In  primary  monkey  kidney  calls  by  aesns  of  electron  microscopy  have  bean 
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carried  out. 

A.  Jnf ft;- 1 Ion,  £i^tY-.C*UL- HI 

Refrigeration  wi  th.  Low  Multiplicity  of  poliovirus  Particles — A  series 
c?  experiments  war*  conducted  during  th*  p*riod  of  tpri 1  15  -  Decsraber 
1,  1967  in  which  primary  raonkey  kidney  cell#  from  twenty-one  itaplnger 
vessels,  which  had  been  preserved  by  atorago  under  liquid  nltrogon  for 
a  period  of  nine  to  fifteen  months,  were  inoculated  with  low  multi¬ 
plicities  of*  type  I  poliovirus  (Mahoney).  After  inoculation  t.heso 
oarap’oo  of  cells  wero  Incubated  at  37°C  In  contact,  with  tho  inoculum 
for  periods  ranging  from  thirty  minutes  to  twelve  hours.  It  tho  •■on- 
c Jus Ion  of  tho  Incubation  period,  tho  cells  i'ror.  each  Individual  ex¬ 
periment  (impingar  vessel)  woro  washed  to  rersove  -enpletelv  the  tin- 
adsorbed  virus,  and  the  washing  supernatants  and  the  wa3hcd  cell 
suspensions  were  assayed  for  active  poliovirus  bv  nears  or  tho  plaque 
technique  with  monolayer  bottle  cultures  of  freshly  harvested  primary 
monkey  kidney  "Oils.  Tho  procedures  alloyed  in  the8o  experiments 
wore  the  so no  as  those  described  in  Progress  Report  Mo.  6,  dated 
April  21,  L767. 

Tho  data  obtained  from  the  above  mentioned  experiments  are  pre¬ 
sented  in  Table  3.  Froca  these  da* a  the  following  observations  ore  re¬ 
veal  edi 

1.  A  small  number  of  virus  particles  are  adsorbed  consistently 
by  the  cells  when  the  incubation  period  (cell-virus  ontact) 
was  United  to  thirty  minutes  and  when  the  inoculum  contained 
as  little  as  50  Ao  100  plaque-foxning  units  (pfu).  Moreover, 
a  high  per  cent  of  the  Inoculated  virus  was  found  in  ■fhe 
washing  supernatant. 
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Table  3.  Summary  of  Plaqua-fonaing  Unit*  of  Type  I  Poliovirus  (Mahoney) 
At  Deterelnad  by  Plaque  Assay*  of  Infected  Primary  Monkey 
Celle  and  the  Supernatant*  Obtained  from  Washing 

tho  Call* 


Vaaatl 

Ro. 

Incubation 

Period 

Mo.  Viable 
Call* 

PFU 

Inoculated 

PFU  In 
Washing* 

PFU  In 
Call  Susp. 

Total  PFU 
Assayed 

1 

30  nln 

WO,  000 

50 

32 

3 

35 

2 

X  nln 
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2-  3h*n  the  incubation  period  we s  between  four  end  seven 
hour*  the  mssber  of  virus  particles  (pfuj*  adsorbed  by 
the  cells  was  increased  substantially.  However ,  there 
was  no  Indication  of  the  release  of  new  virus  when  the 
period  of  incubation  was  less  than  seven  hours. 

3.  During  incubation  periods  of  seven  to  twelve  hours  ramy 
colls  were  infected  with  virus  particles  (pfu)  and  there 
was  clear  evidence  of  new  virus  having  been  released  into 
the  culture  fluid. 

Henato  Dulbecco  and  his  associates'  reported  the  results  of  experi¬ 
ment®  in  v£iich  1C  x  10^  primary  nonkey  kidney  cells  wore  Jnoculatod 
with  1.7  y.  10®  plaque- forming  units  of  type  I  poliovirus  drunhilde. 

The  cells  veer©  incubated  in  contact  with  the  virus  inoculum  at  37=,C 
for  forty  minutes  and  then  washed  to  remove  unadsorbed  virus.  Tho 
washed  infected  cells  were  then  intubated  at  3y0C  for  up  to  nine 
hours .  During  tho  incubation  period  1  ml  samples  of  the  culture 
fluid  from  the  infected  cells  were  withdrawn  for  virus  assay  at  *ho 
intervals  of  0,  2,  t*  6,  7.5  and  9  hours.  These  samples  were  stored 
v.:.  -15°C  until  titrated  for  virus  by  the  plaque  technique  on  nono- 
ayera  of  primary  monkey  kidney  ^ells.  These  investigators  reported 
that  the  release  of  new  virus  was  evident  between  2  and  4  hours  of  In¬ 
cubation  and  reached  a  maximum  after  about  6  hours.  In  three  exporl- 
aents,  an  average  of  96  per  cent  of  tho  cells  had  started  the  "in¬ 
fection  process"  by  the  end  of  the  adsorption  period.  The  average 
final  yield  of  new  virus  wa#  '*0  >o  103  pfu  per  infeted  cell. 


‘Frances  Kallman»  Robley  C.  vVHUasas,  Rensto  Dulbecco,  and  Marguerite 
Vogt.  J.  Biophysics  and  Bloc hem.  Cvtol.  4,  301-308  (1959). 
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In  view  of  the  feet  that  in  our  experiments  epproxlmatoly  10^  cell* 

j 

were  exposed  to  only  50-100  pfu,  whereas  Culbeeco  et  «_1  erployed  a 
very  much  higher  ratio  of  virus  to  cells  (1.7  x  10  pfu  to  10  x  10 
cells),  the  results  of  the  two  experimental  programs  cannot  be  com¬ 
pared  precisely.  There  Is  agreement,  however,  to  the  extent,  that  the 
results  can  be  coopered.  In  both  instances  there  was  evidence  of  the 
adsorption  of  virus  particles  by  the  cells  during  the  first  30  minutes 
of  incubation.  Moreover,  it  is  reasonable  to  assume  that  tho  very  low 
multiplicity  of  virus  employed  in  our  experiments  could  account  for 
the  delay  in  the  release  of  new  virus  from  3-4  hrs,  as  reported  by 
iXilbecce  zU»  to  7  or  more  hours,  as  shown  in  Tsblo  3. 

The  daJ.a  sunsiarised  in  Table  3,  as  well  as  the  data  presented  in 
previous  reports,  have  demonstrated  clearly  that  primary  Rhesus  monkey 
kidney  cells  ware  infected  readily  with  type  I  poliovirus  (LSc  and 
Mahoney)  although  the  cells  had  been  subjected  previously  to  liquid 
nitrogen  refrigeration.  Tt  has  been  demonstrated,  also,  that  such  cells 
are  capable  of  replicating  poliovirus  in  essentially  the  same  manner  as 
freshly  harvested  cells. 

B.  Preliminary  Investigation  of  the  Replication  of  Poliovirus  In  Primary 
Monkey  Kidney  Cells  by  Means  of  niectron  Microscopy . — 

Methods . — After  incubation  periods  from  2-10  hour*  the  cells  were 
scraped  from  tho  bottles,  rinsed  In  phosphate  buffered  saline  (DB3),  fixed 
for  5  minutes  in  PUS  containing  one  per  cent  glutaraldehydo  and  post 
fixed  in  one  per  cent  tetroxide.  Cells  were  embedded  in  <~pcr»-Arttldlte 
after  the  normal  dehydration  schedule,  sectioned  end  observed  in  a 
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Phillips  IOOC  electron  microscope. 

Observations -^hen  studied  with  the  electron  microscope  the 
primary  monkey  kidney  cultures  are  seen  to  contain  several  *ell 
*ypeo  (o.g.,  epithelial,  flbrocytee,  fibroblasts) •  Many  of  the 
fibroblasts  continue  to  synthesise  co* lagan  precursor  filaments 
(Figure  2).  Figure  1  shows  a  portion  of  two  'ells  from  a  control 
■uT turn. 

Three  hours  after  infection  the  antral  region  of  'oils  are 

fill od  with  small  membrane  bound  bodies  (Figure  2,  JTl).  These  are 

1 

probably  the  U  bodies  described  by  KaMra.i  et  a!.'  in  their  stu-iv 
of  poliovirus  infec+ed  primary  kidnoy  cultures.  These  structures 

->  n 

havo  a'so  beer,  reported  by  other  Investigators'"*  studying  po’  I'v- 
vlrus  Info  tod  HoLa  cello.  Moo  -resent  at  this  stage  of  infotion 
are  ’arc©  aggrecatoa  of  dense  notorial  (Figure  3,  IT)  similar  to 
what  .Tales  gt  al.  reported  to  be  vlropl a*t Ir  fo-1. 

It  Is  difficult  to  correlate  the  profiles  of  the  various  r,#n  types 
at  later  stages  of  infection.  It  If,  not  clear  whether  this  represents 
a  difference  In  the  sequence  of  events,  with  respect  to  time  or 
susceptibility  to  viral  Infection.  In  any  event,  crystalline  arrays 


lK«nman,  P.  &  (195$)  Fine  Structure  of  Changes  Traduced  in 

Cultwed  Celia  Sampled  at  Specified  Intervals  Turing  a  Single  c-rowth  Cycle 
of  Poliovirus.  Blonhva.  Bloc hem  Cvtol.  4,  301-36$. 

%iattem,  C.  F.  T.  end  Daniel,  •?.  A.,  (1965)  Replication  of  Poliovirus 
in  He La  Cells*  Electron  Microscopic  Observations.  Virology  26.  6*6. 

^Dales,  G.  a^.,  (1965)  Electron  Microscopic  Study  of  the  Formation 
of  Poliovirus.  Vlroloov  2$.  3??. 
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as  observed  by  Dales  jt  «!•  and  by  Matt  am  and  Daniel  ware  not  seen 
at  any  tine  from  2-10  hours  post- in  feet  I  on  In  any  cell  type.  However, 
In  the  present  study  same  cells  7  hours  poat-ir, faction  contain 
particles  In  the  eytoplasalc  matrix  (Figures  3  and  4)  similar  in  slse 
(260-290  A)  and  morphology  to  mature  polioviruses*  Ka linen  §&. 

were  not  able  to  identify  any  particles  resembling  nature  viruses  In 
their  study  of  polio-infected  cultures.  In  favorable  regions,  niiat 
appears  to  be  empty  capsids  are  present  (Figure  4,  cp). 

Further  study  concentrating  on  the  sequence  of  events  in  specific 
cell  types  may  provide  profiles  in  which  mature  viruses  can  be  more 
positively  identified.  Such  studies  are  also  needed  to  test  the 
tentative  interpretation  that  the  sequence  of  events  leading  to 
viral  formation  differs  in  the  various  cell  types. 


Portion  of  two  cello  from  a  control  experiment.  Shows 
chromatin  concencation ,  rough  endoplasmic  reticulum  with 
large  polysomes  characteristic  of  fibroblasts.  X  38,000 
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Fin.  2.  Section  of  a  fibroblast  3  hours  after  infection.  Numerous 
membrane  bound  bodies  (MB)  fill  the  central  cytoplasm  along 
with  numerous  thin  filaments  (F)  presumably  precursors  of 
collagen.  Also  present  are  dense  trgious  interpreted  as 
viroplastic  foci  (VP).  X  22,000. 


